Abstract. In vitro effects of catecholamines (adrenaline and noradrenaline) and adrenergic antagonists on adenosine 3\m=' \,5\m=' \-cycl i c monophosphate (cAMP) and progesterone production by rat corpora lutea (CL) of different ages (1\p=n-\8 days old) were studied. To obtain defined ages of CL a pregnant mare's serum gonadotrophin (PMSG) model was used. The effect of catecholamines on cAMP decreased with luteal age while the effect on progesterone production was maximal on 5 day old CL. The \g=b\-blockerpropranolol inhibited the effects of catecholamines in concentrations around 10\m=-\5 m. The effects of LH could only be inhibited with higher doses of propranolol known to exert unspecific effects. These results support the theory that LH and catecholamine effects on rat corpora lutea are mediated through different receptors.
and noradrenaline) and adrenergic antagonists on adenosine 3\m=' \,5\m=' \-cycl i c monophosphate (cAMP) and progesterone production by rat corpora lutea (CL) of different ages (1\p=n-\8 days old) were studied. To obtain defined ages of CL a pregnant mare's serum gonadotrophin (PMSG) model was used. The effect of catecholamines on cAMP decreased with luteal age while the effect on progesterone production was maximal on 5 day old CL. The \g=b\-blockerpropranolol inhibited the effects of catecholamines in concentrations around 10\m=-\5 m. The effects of LH could only be inhibited with higher doses of propranolol known to exert unspecific effects. These results support the theory that LH and catecholamine effects on rat corpora lutea are mediated through different receptors.
Catecholamines have been shown to increase cAMP and progesterone production in corpora lutea (CL) of different species; bovine CL (Condon & Black 1976; Godkin et al. 1977) , dispersed ovine luteal cells (Jordan et al. 1978) , luteal dominated rat ovaries (Ratner et al. 1980 ) and dispersed cells from luteinized rat ovaries (Harwood et al. 1980a) .
Of the different possible sources for catechola¬ mines, the most likely route by which catechola¬ mines could influence ovarian cells is by release from peripheral nerve endings. Such adrenergic nerve endings in the ovary are associated with vascular and non-vascular tissues. One structure in the ovary that is well innervated is the fibromuscular theca layer of the follicle (Bahr et al. 1974; Burden 1978; Sjöberg et al. 1979) . This (Falck et al. 1962; Falck & Owman 1965) . In comparison between CL from normal cycling rats and guniea pigs, it was found that the 'cortical components' of rat CL were sparsely innervated, while those of guinea pig CL were not (Burden 1972 (Herlitz et al. 1976; Khan et al. 1979 After incubation the CL were homogenized in 1.5 ml 5% trichloroacetic acid. The protein content was deter¬ mined according to Lowry et al. (1951) and cAMP according to Gilman (1970) but with small modifications (Khan 1979) . Progesterone in medium was analysed as described by Hillensjö et al. (1976) . . Effects of adrenaline (5 (ig/ml), noradrenaline (5 ng/ml), isoproterenol (5 ug/ml), PBA (10"4M to 10~7M) and LH (5 (ig/ml) on cAMP content of tissue and medium and progesterone accumulation in media. Effect of different doses of adrenaline on cAMP content and progesterone accumulation in incubation media.
Experimental conditions see Fig. 1 (Woolf 1968) . A P-value of less than 0.05 was considered significant.
Results
The influence of adrenaline (5 ug/ml) on CL of different ages is shown in Fig. 1 Inhibitory effect of propranolol on progesterone production was tested on 3 days old CL (Fig. 5) . Catecholamine-stimulated progesterone produc¬ tion was inhibited by propranolol in concentrations 10"3 to 10_5M (Fig. 5A) (Table 2 ).
Other ß-stimulators were tested. Noradrenaline and isoproterenol (Table 2) Inhibition by n, i.-propranolol of the effects of 5 p.g/ml adrenaline, 5 ng/ml LH and 5 ng/ml noradrenaline on progesterone accumulation in the incubation medium by 3 days old CL. Experimental conditions as in Fig. 1 . Values are mean ± SF.M of 4-5 observations. D. I.-propranolol in a concentration of 10"5M significantly blocked progesterone accumulation in media for both LH and adrenaline (P < 0.05), while 10"*M only inhibited the effects of adrenaline and noradrenaline (P < 0.05).
cAMP and progesterone on 3 days old CL, which was equivalent to the effect of adrenaline. The effects of noradrenaline could be inhibited by propranolol (Fig. 5) .
Discussion
The effect of catecholamines on the cAMP produc¬ tion in vitro of the CL is highest in 1 and 3 days old CL and then the effect decreases with increasing age of CL. This age-dependent effect is very similar to that of LH as shown by Herlitz et al. (1974) . Possible reasons for changed sensitivity to hormones in vitro with luteal age has been discus- Fig. 4 . Inhibition by D, I.-propranolol of the effect of 5 ng/ml adrenaline and 5 ng/ml LH on cAMP production. Experimental conditions as in Fig. 1 sed earlier (Ahrén et al. 1981 ). In the ovary, an increase of cAMP is always acompanied or quickly followed by a release of cAMP. This release is sometimes of considerable magnitude and has been studied in vitro and in vivo as release into the follicular fluid or ovarian venous effluent (Selstam et al. 1974 (Selstam et al. , 1976 Selstam & Weiss 1979 (Selstam et al. 1974 ).
Maximal levels on progesterone production after catecholamine stimulation was also dependent on luteal age. It increased up to day 5. Also the non-stimulated basal production increased concomitantly. A similar increase with luteal age is seen in plasma progesterone of the rat (e.g. Ahrén et al. 1980 ). This increase in progesterone production with luteal age seems to be due to increased steroidogenic capacity, since luteal blood flow is not changed during this period (Pang & (Hamberger et al. 1980 ). In addition, dispersed luteal cells from the rat and the sheep are responsive to catecholamines in terms of cAMP and progesterone production (Jordan et al. 1978; Harwood et al. 1980a) .
In order to test the specificity of the catechola¬ mine effect a-and ß-blockers were used. Propran¬ olol which blocks both ßi-and ß2-receptors was tested in a wide range of doses. Lower doses (10"5M or less) inhibited only the effects of catecholamines, while these concentrations did not inhibit the LH effects, which is in agreement with other studies (Jordan et al. 1978; Harwood et al. 1980a ). Higher concentrations of propranolol could inhibit also the effects of LH. Higher concentrations, however, do exert quinidine like effects (Marshall et al. 1975 ). The inhibitory effect of high concentrations of propranolol on the production of cAMP and pro¬ gesterone is most likely attributable to this unspecific effect of the drug. The same inhibition was found by Condon & Black (1976) , Godkin et al. (1977) and Jordan et al. (1978) . In some cases propranolol also suppressed basal progesterone levels. Care must, however, be taken when analy¬ sing agonist-antagonist studies of the luteal ß-receptor, since some studies indicate that a separation of classical ßi or ß2 receptors do not exist in the CL (Coleman et al. 1979 ).
PBA gave no significant change of catecholamine effects on cAMP and progesterone production. In bovine and rat CL (Condon & Black 1976; Har¬ wood et al. 1980a) likewise no change could be seen. Although a-receptor activity can exert effects on the cAMP system in other tissues (Jacobs 1979 
